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Abstract-The influence of impurity gas in the sputtering 
atmosphere on the microstructure and the GMR W H S  investi- 
gated on Co/Cu multilayers. The MR ratio increased from 
12 % to 27 %, when the chamber pressure, Pb before intro- 
ducing Ar was changed from 5x10.' Torr to 2x10'5 Torr by 
leaking air. From structural analysis, the multilayer fabricated 
with Pb=2x10-5 Torr has a small grain diameter and a relatively 
flat stacking structure. CO layers in the multilayer fabricated 
under highly purified atmosphere and excessively contaminated 
atmosphere, behaved 21s particulate in lower temperature. 
I. INTRODUCTION 
In magnetic thin film devices, control of microstructure is 
essentially required to induce excellent magnetic properties, 
especially related to the transport phenomenon. The impuriti- 
es in the sputtering atmosphere can affect the initial growth 
of thin films and change their microstructure. The drastic 
changes in the coercivity of thin film media and also in the 
escliange anisotropy by decreasiilg the base pressure of 
chamber, in other words, by decreasing the residual iinpuriti- 
es in the atmosphere, are typical examples [l], [2]. In the 
present study, we investigate the iiflueiice of impurity gas in 
the sputtering atmosphere on the microstructure and the giant 
magnetic resistance (GMR) in Co/Cu multilayers. 
11. EXPERIMENTAL PROCEDURE 
Multilayers, desigiied as subst./(Co 15&Cu 10.5 A),dCu 
20 A were deposited on chemically cleaned Si (100) single 
crystal wafer at room temperature (R.T.) with using a facing- 
targets d.c. sputtering machine which enables to pump down 
to 1 ~ 1 0 . ~  Torr [2]. 90mm4 targets were faced with 100" 
distance. The substrate was placed 90inin distant from the 
center axis of the facing-targets. The Cu layer thickness 10.5 
A is optimized to make MR ratio inaxiinum within the range 
froin 8 A to 12 A. The impurity concentration in the sput- 
tering atmosphere was controlled by changing the amount of 
air introduced with processing Ar gas. After pumping down 
to the base pressure Torr), the chamber pressure, PI, 
was changed from 5 x 10.' Torr to 2x Torr by introducing 
air through a variable leak valve. Then the ultra clean Ar gas 
(UC-Ar), whose moisture level is less than 1 ppb [l], was 
introduced to make the chaiiiber pressure 5 mTorr. Applied 
power was 50 w (30 W) to make the sputtering rate -I&S for 
CO (Cu) targets. The substrate surface was etched -20 A by 
r.f. plasma just before film deposition. The microstructure of 
multilayers was analyzed by XRD and AFM The inagnetiza- 
tioii was measured by VSM and SQUID. GMR was measured 
at various temperatures froin 4.2 K to R.T. with maximum 
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applied field of 13 kOe. MR ratio was defined as Ap/pI3 kO, 
= (po - p13 koe) / pi3 kOe, where po is the maximum resistivity 
around at zero field and p13 kOz is the resistivity under the 
applied field of 13 kOe, respectively. For a measure of 
strength of the interlayer inagiletic coupling, I f z o  was intro- 
duced as the magnetic field at where the resistivity changes 
' 
80 YO of Ap, 
111 RF,SULTS AND DISCUSSION 
A GMR and Magnetic Properties 
Fig 1 shows the M R  ratio and pI3 kae of multilayers ineas- 
ured at R T as a function of Pb The h4R ratio, which IS about 
12 % when P b  is lower than 1 x Torr, markedly increases 
with increasing Pb and becomes more than twice the value, 
27 % at around Pb = 1x10 Torr When PI, is higher than 
2x Torr, MR vanishes On the other hand, pI3 kOe, which 
is about 17 Q c m  when P b  is lower than 1 x 10 ' Torr. gradu- 
ally increases with increasing Pb and drastically rises to 150 
ficin at Pb = 2x 10 Torr, indicdting oxidization of the 
multilayer 
Fig 2 shows the reinanent magnetization ratio A@MS 
along the axis of easy magnetization and Hg0 of multilayers 
measured at R T as a function of PI, ML/MS, which IS 0 8 to 
0.9 when Pb is lower than 1 x Torr, gradually decreases 
with increasing Pb and takes a minimum value of 0.45 around 
at PI, = 2x Torr While, Mr/Ms turns to rise again with 
further increasing PI, This change of Mr/M3 well corresponds 
to the change of M R  ratio in Fig 1 Therefore, the increase of 
MR ratio around at P b  = 1x10-' Torr was caused from the 
increase of the amount of antiparallel alignmeiit of magiieti- 
zation of the multilayer at zero field On the other hand, I f s o  
decreases monotonously from PI, = 1 x Torr with increas- 
mg Pb Attending to the case of Pb = 2x Torr, we can 
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Fig 1 Change ofthe MR ratio and p13 koe as a fuiiction of the chamber preswre, 
P, before iiittoducing Ar 
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obtain the large MR ratio with sinal1 HgU. The sinall Hs0 Fig. 3 Cliaiiges in the S R D  profilzs ofniultilayzrs for various Pb. 
means the weak interaction, J between the adjacent magnetic 
layers. Therefore, the magnetization of the multilayers, fabri- 
cated under the sputtering atmosphere with Pb > Torr, 
especially p b  = 2 ~ 1 0 - ~  Torr, are easy to align their mag- 
netization antiparallel each other, in spite of the weak cou- 
pling J. Such a difference between the changes of J and MJMs 
of multilayers against p b ,  is anticipated to be caused by the 
microstructural change. 
B. Microstructure 
Fig. 3 shows the changes of XRD profile of multilayers 
against P b .  In the region of 28 = 45" - 63", an interference 
peaks diffracted from Cu (1 11) and CO (1 11) planes are ob- 
served at 28 = 5 1". The priniary satellite peaks observed at 20 
= 47' and 56" do not shift with changing P b ,  indicating the 
unchanged artificial period of multilayers. The absence of the 
diffracted lines from Cu (200) and CO (200) planes expected 
around 28 = 60' means that the multilayers have preferred 
(1 11) orientation. The intensity of tlie interference peak 
becomes small, indicating the size reduction of grains of 
niultilayers, with increasing P b  and vanishes at P b  = 2x 
Torr. These changes are supposed to be caused by the in- 
crease of contamination in the multilayers. On the other hand, 
in low angle region, diffracted lines caused from tlie artificial 
period are observed at around 20 = 4'. The designed period, h 
= 25.5 A was indicated as a dashed line. The diffracted line 
becomes sharp, indicating the interfaces become smoother, 
with increasing PI ,  up to 2x10'~ Torr. ~n the case of P b  = 
2xlV4 Torr, the diffracted line becomes huge and shifts its 
position to lower angle. Taking into account the drastic rise 
of pI3 kcbe in Fig. 1 at PI, = 2 ~ 1 0 . ~  Torr, the origin of this 
change is due to the oxidization of CO layer. 
From these XRD results (except P b  = 2x Torr case), we 
can say that the increase of impurities in the sputtering at- 
mosphere giifes rise to a decrease in the grain size of muIti- 
layers and smoother interfaces. The impurity elements, 
inainly increased by introducing air, are N2 and O2 [2]. 
Therefore, the microstructural changes of inultilayer are 
supposed to be caused by the surfactant effect of oxygen [3] or 
by the nitrogen effect of refining grain size [4]. 
Fig. 4 Changes in the AFM images of multilayer surfaces for various Pb 
Fig. 4 shows the changes of the AFM images of multilayer 
surfaces with P b .  The in-plane correlation length decreases, 
indicating a smaller grain diameter, the roughness also de- 
creases with increasing P b .  Since the surface morphology 
reflects tlie inner structure of multilayer, such as interfacial 
flatness and grain size, which is verified by TEM cross sec- 
tion image, we can say that these changes of AFM images 
well support the speculation of the microstructural changes of 
inultilayers with P b  discussed in Fig. 3. 
These microstructural changes correspond to the changes 
of magnetic properties of the multilayers with increasing PI, 
shown in Fig. 2. Namely, the increase of scattering centers, 
such as grain boundary and defects in the multilayer reduces 
the antiferromagnetic coupling, J between the adjacent mag- 
netic layers, because J interacts through conduction electrons. 
Therefore, Hg0 decreased with increasing p b .  The flattening of 
the interface decreases the ferroiiiagiietic interaction between 
the ad-jacent nmgnetic layers, so called "orange peel effect" 
[SI. Therefore, the CO layer align inore antiparallel to each 
other and reduce h.f,/M,. with increasing PI,. 
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C. Temperature dependence ofHc and GMR 
In order to obtain more detailed information about the mi- 
crostructure of multilayers, the temperature dependence of H,  
and GMR were measured. Fig. 5 shows tlie temperature de- 
pelidelice of H, of multilayers fabricated with r), = 5 ~ 1 0 . ~  
Torr - 2 ~ l O - ~  Torr. In the case ofYb = 5x10-’ aiid 3 ~ 1 0 . ~  Torr. 
H, gradually increases with lowering teiiiperature. In contrast, 
in  tlie case of PI, = 5xlO-’ and 2 ~ 1 0 . ~  Torr, H, increases 
suddenly at 160 K and 140 K, respectively, with lowering 
temperature. Sudden increase of H, is similarly observed in 
the ultra thin CO filins with island structure, and the critical 
temperature where H, increases rapidly, corresponds to the 
blocking temperature, below which the magnetizations of CO 
islands are frozen along tlie anisotropy axes of islands [6]. 
Takiiig into account this fact, we can say that the CO layers in 
the multilayer with p b  = 5 x 10.’ and 2 x Torr are separated 
into tlie particulate. Namely, in the foriner case, CO layers are 
cut apart because of the roughly rumpled stacking structure as 
200 -1 
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Fig. 5 Temperature dependence off f ,  o f  multilayers for various pb 
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shown in Figs 3 and 4. In the latter case, however. the 
stacking structure is flat and the CO layers are partly oxidized, 
especially at the grain boundary resulting in the magnetic 
separation of CO islands This speculation is supported by tlie 
increase of ~ 1 3  k&, shown in Fig I, and experimentally veri- 
fied by a remarkable tncrease or oqgen  coiicentratioir (15 
times larger than that of Pb = 5x Torr case) measured by a 
secondary ion inass spectrometer 
Fig 6 shows the temperature dependence of Ap and H8i) of 
multilayers fabricated with PI, = 5 x lo-’ Torr - 2 x 10 Torr In 
the case of P b  = 5 x 10.’ aiid 3 x Torr, Hs, and Ap increase 
monotonously with lowering temperature On the other hand, 
in the case of P b  = 5 x 10‘’ and 2 X Torr wliik Hso increases 
monotonously with lowering temperature, Ap turns to de- 
crease at 160 K and 140 K, respectively These temperatures 
correspond well to the blockiiig teinperature at wliicli N, 
increases rapidly in Fig. 5. Namely, below the blocking tein- 
perature, magnetizations of the CO islands are frozen along 
the anisotrop3T axis of each islaiid in these multilayers 
Therefore, tlie amount of aiitiparallel aligiinieiit of iiiagneti- 
zation at zero field decreases with lowering temperature, even 
though the antiferromagnetic interaction, J becoines large. 
and results in the decrease of Ap. 
IV. SUMMARY 
The iiffluence of impurity gas in the sputtering atmosphere 
on tlie microstructure and the GMR on Co/Cu multilayers 
were examined As results we found that 
(1) the grain size decreased and tlie stacking structure be- 
came flat with increasing impurities in the sputtering atmos- 
phere, 
(2) corresponding to this structural change, GMR was en- 
larged to twice value. 
(3) in the multilayers fabricated under highly purified at- 
mosphere (Pb = 5 x 10 ’ Torr) and excessively contaminated 
atmosphere ( P b  > 2 X I O - ’  Torr), CO layers behaved as par- 
ticulate at lower temperature. 
From these results, we conclude that iinpurities of O2 
and/or N2 in the sputtering atmosphere stroiigly affect on the 
microstructure and drastically change tlie magnetic properties 
of inultilayers 
REFERENCES 
T. Shiinatsu and M. Takahashi, “High Coercive Force and Low Inter- 
granular Coupliiig in CoCrTa atid CoNiCr Thin Film Media Fabricated 
under Ultra Clean Sputtering Process,” J. Mater. Chem Phys.. 41: 134 
(1995). 
K. Uneyama, IVI. Tsuiioda and M. Takcaliaslii, -‘Influence of’ Cias Adso ip  
tion at the Interface on the Exchange Coupling Field of‘ I\Ti-f:e/25%Ni- 
MiAfi-Fe Films,“ IEEE ‘Trans Magn. 
W. F. Egelliooff, JI-., P. J. Powell, M.D. 
K. Takmo and A. E. Berkowitz, -‘Increasing tlie Giant Magnetoi-zsistaiice 
in Spin Valves with the 1 ke of Oxygzn,” in press. 
A. K. Jhingan, ‘-ERect of niti.ogen on tlir: crystal texture and microsti-iicture 
ofsputtered Ni-Fe films.” J. Appl. Phys. 57, 3991 (1985). 
L. Ned, Comp. Rend. Acad. Sci., 255, 1545 (1962); 255, 1676 (1962). 
T. Tsunoda, N.Yaniada, M. Takahashi, T. Wakiyaina and T. Shiba, 
“Initial Crowtli of Metal Films Fabricated on a Substrate Excited by 
SAW,”J. Mag. Soc. Jpn., 19,317 (1995). 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on October 28, 2008 at 22:04 from IEEE Xplore.  Restrictions apply.
